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Chapter 6 
Summery and Conclusions 
We have carried out the analysis of hlgh resolution spectra of five metal poor stars 
ZNG 4 in the globular cluster MI3 and halo giants LSE 202, BPS CS 29516-0041, 
BPS CS 29516-0024 and BPS CS 29502-042 The metalllclty of these stars ranges 
from [Fe/H] = -1 5 to [Fe/H] = -3 0 
Table 6 1 Atmospheric parameters of the stars observed along with their Fe and Ba 
abundances 
Object Name I (m K) 1 logg / Vt (in kms-') I [F'e/W 
ZNG 4 (in M13) 
LSE 202 
BPS CS 29516-0041 
(BPS CS 29502-0042) 
BPS CS 29516-0024 
BPS CS 29522-0046 
The denved atmospher~c parameters of the stars and thelr Fe and Ba abundances 
are gven in Table 6 1 
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6.1 ZNG 4 in M13 
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Analysis of high resolution spectrum of ZNG 4 in M13 yields, TeE = 8500f 250 K, log 
g = 2 5 & 0 5 and [Fe/H] = -1 5 Except for magnesium, chromlum and strontium, 
all other even Z elements show enhancement The horizontal branch of MI3 is marked 
by a prominent gap at 11,000 K Stars towards the redder side of the gap show normal 
abundances of giants and dichotomy in rotational velocities, whereas bluer stars show 
underabundance of He and overabundance of heavy metals which results because of 
diffusion and radiative levitation The rotational velocities of bluer HB stars are 
small 
Figure 6 1 The abundances of different elements m ZNG 4 in MI3 (represented by 
asterisk) compared with M13/ J11 ( BHB star, triangles), M13/WF4-3485 (hot BHB 
star, diamonds) and that of M13/ L262 (RGB star, squares) mth  their error bars 
(Table 3 3) In the cases where only upper limit of the abundances are given (3rd and 
4th column of Table 3.3), those elements are not shown in the above figure Average 
abundances of Y and Ba in M13 RGB stars are from Arrnosky et a1 (1994) 
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of stars on the red side of HB gap Being at Tee of 8500 K, it shows low rotational 
velocity (vslni = 7kms-I), underabundance of He and overabundance of Ca, Ti, Sc 
and Ba (see Figure 6 1) This could either mean, the onset of diffusion of elements 
seem to start at lower Teff or it is a star evolved from the blue side of HB gap moving 
towards the red with a higher luminosity 
From the luminosity and its position in the color-magnitude diagram of the cluster, 
we infer ZNG 4 to be a Supra Horizontal Branch (post-HB) star The abundance 
pattern in ZNG 4 indicate that diffusion and radiative levitation of elements may be 
in operation in M13 post-HB stars even at  Te8 of 8500K It is important to derive the 
chemical compositions of significant sample of post-HB stars hotter than 11,000 K and 
much cooler than 11,000 K to understand the role of diffusion, radiative levitation, 
rotation and convection in horizontal branch stars 
Post-Early AGB (P-EAGB) stars evolve through early stages of the AGB but 
not the thermally pulsing stage, as the envelop is consumed from below by nuclear 
burning and probably from above by stellar winds (Greggio & Renzini 1990, Dorman 
et a1 1993) They are supposed to have evolved from extreme horizontal branch 
stars Greggio & Renzini (1990), while discussing the UV upturn In elliptical galmes 
point out the need to assess the size of the hot star's (for example, Post-AGE3 stars, 
P-RGB stars, accreting white dwarfs) contribution to the UV rising branch in them 
But in the other hypothetical cases (such as hot HB and P-EAGB stars), they say, z t  
zs thezr mere exzstence whzch has to be proven first 
The color-magnitude diagrams of the globular clusters havlng blue tail with proml- 
nent HB gap (like M13, M80, NGC 6752), show stars which are above the horizontal 
branch (HB) and towards the left of red giant branch (RGB), called Supra Horizontal 
Branch (SHB) stars Analysis of these SHB stars in globular clusters having blue 
tails, like ZNG 4 in M13 might provlde an observational counterpart to the Post- 
Early AGB stars (de Boer, 1987) Thus a detailed abundance analysis of several SHB 
stars in globular clusters like ZNG 4 in M13, is needed to further understand the 
abundance anomalies 
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6.2 LSE 202 
Table 6 2 Abundances of elements In LSE 202 
Analysis of the hlgh resolution spectrum of the halo giant LSE 202 coverlng the 
wavelength range 3750 to 10,100 A ylelds TeE = 4500 i 250 K, logg = 1 0 f 0 5, 
[Fe/H] = -2 41 and Vt = 1 85kms-I All a-process elements except Si show moderate 
overabundance of +O 3 dex ([Mg/Fe] = +O 39, [Ca/Fe] = f0.28, [Tl/Fe] = i-0 35 and 
Teff = 4750 K, log g = 1 5 
[Si/Fe] = -0 14) Odd-z elements (Na, K, Sc) are also overabundant except vanadium 
Vt = 
Element 
LI I 
Na I 
Mg 1 
A1 I 
SI I 
K I 
Ca I 
Ca I1 
SC I1 
TI I 
TI I1 
V I 
V I1 
Cr I 
Cr I1 
Mn I 
Fe I 
Fe I1 
CO I 
NI I 
Zn I 
Sr I1 
Y I1 
Zr I1 
Ba I1 
La I1 
Nd I1 
EU I1 
Dy I1 
Abundances ~n 
HD 122563 
[Fe/H] = -2 77 
-0 15 
+O 51 
-0 32 
+O 46 
$0 46 
+O 29 
+O 15 
+O 19 
$0 28 
+O 07 
+O 14 
-0 39 
-0 15 
-0 26 
0 00 
0 00 
+O 32 
+O 04 
+O 20 
+O 17 
-0 25 
+O 18 
-0 93 
-0 70 
-0 30 
-0 36 
Abundances in 
BPS CS 22892-52 
[Fe/H] = -2 92 
-0 19 
+O 30 
-0 58 
+O 36 
+O 46 
+O 30 
-0 10 
$0 20 
+O 16 
-0 05 
-0 03 
-0 24 
-0 15 
-0 53 
0 00 
+O 01 
+O 20 
-0 07 
+O 09 
+O 58 
$0 44 
+O 73 
+O 99 
+ l o 9  
+ I 3 3  
+1 64 
+I 73 
1 85 krns-l 
no of l~nes 
02 
08 
02 
02 
01 
26 
02 
16 
35 
53 
01 
01 
23 
03 
07 
232 
20 
08 
28 
04 
02 
07 
02 
02 
02 
02 
02 
01 
and [Fe/H] = -2 
[X/H] & a 
-2 24 f 0 23 
-2 02 f 0 22 
f 0 12 
-2 54 f 0 19 
-1 86 & 0 14 
-2 13 f 0 13 
-2 15 & 0 15 
-2 15 f 0 14 
-2 10 f 0 16 
-2 02 i 0 17 
-2 41 i 0 13 
-2 48 f 0 13 
-2 49 0 15 
-2 29 f 0 16 
-2 61 f 0 19 
-2 37 i 0 13 
-2 45 f 0 12 
-1 98 f 0 21 
-2 38 iz 0 16 
-2 11 i 0 14 
-2 66 f 0 24 
-2 78 f 0 16 
-2 41 f 0 14 
-2 85 f 0 14 
-2 86 f 0 20 
-2 32 f 0 21 
-2 27 f 0 14 
-2 16 & 0 14 
41 
[Ele/Fe] 
< -0 56 
-0 24 
+O 39 
$0 12 
-0 14 
+O 20 
+O 29 
$0 26 
+O 24 
$0 31 
+O 39 
+O 01 
-0 05 
-0 08 
+O 12 
-0 29 
+O 40 
$0 01 
+O 30 
-0 26 
-0 38 
+O 00 
-0 43 
-0 43 
+O 10 
+O 14 
+O 25 
([Na/Fe] = -0 24, [K/Fe] = +0 20, [Sc/Fe] = +0 24 and [VjFe] = -0 02) Among 
Fe-peak elements, Mn shows underabundance, Cr goes with Fe and Co, Ni are slightly 
overabundant ([Mn/Fe] = -0 29, [Cr/Fe] = +O 02 [Co/Fe] = +O 40 and [Ni/Fe] = 
+O 01) The heavy elements Ba, Sr, La and Y show deficiency ([Ba/Fe] = -0 43, 
[Sr/Fe] = -0 26, [La/Fe] = -0 43 and [Y/Fe] = -0 38), while Nd and Zr remain 
at the metallicity of the star ([Nd/Fe] = +O 10 and [Zr/Fe] = +0 0) Dy and the r- 
process element Eu show slight enhancement ([Dy/Fe] = +O 25 and [Eu/Fe] = +O 14), 
which agrees m t h  the observations of other metal poor stars (Refer to Figure 1 7 in 
Introduction Chapter) With [Ba/Eu] = 0 6, we can Infer that the heavy elemental 
abundances in this star are of r-process orlgin (refer to Table 6 2), similar to that 
found in other metal poor stars (McWilliam et a1 1995, Ryan et a1 1996) 
6.3 BPS CS objects 
Spectra of BPS CS 29516-0041 reveals the atmospheric parameters to be TeE = 5000f 
250 K, log g = 2 5 f 0 5 dex, [Fe/H] = -3 0 and Vt = 1 6 kms-' LI is underabundant 
(e(L1) < 0 71 dex) Na also shows deficiency ([Na/Fe] = -1 16) whereas K is slightly 
overabundant ([K/Fe] = +O 18) a-elements show nearly solar or slightly enriched 
abundances ([Mg/Fe] = -0 04, [Ca/Fe] = +O 12 and [Tl/Fe] = +O 08) and Cr, Ni 
goes with the metallicity of the star ([Cr/Fe] = -0 08 and [Ni/Fe] = -0 07) Ba 
deficiency is again observed ([Ba/Fe] = -0 28) 
We deduce TeE = 4750 rf: 250 K, log g = 1 0 f 0 5 dex, [Fe/H] = -2 72 and 
Vt = 1 7 kms-' for the star BPS CS 29516-0024 Li shows depletion agmn in this 
metal poor giant (e(L1) = 0 97 dex) In odd-z elements, Na is underabundant again 
and Sc goes with metallicity of the star ([Na/Fe] = -0 38 and [Sc/Fe] = -0 04). 
a-process elements show moderate enhancement ([Mg/Fe] = +O 66, [Ca/Fe] = +0.45 
and [TilFe] = +O 23) In Fe peak elements, Cr is underabundant whereas Ni is of 
iron rnetallicity ([Cr/Fe] = -0 32 and [Ni/Fe] = +O 08) Heavy elements Y and Ba 
are underabundant ([Y/Fe] = -0 44 and [Ba/Fe] = -1 04) 
For BPS CS 29522-0046, we obtan TeE = 5500 f 250 K, log g = 3.0 f 0 5 dex, 
Te/H] = -2 3 and Vt = 1 1 kms-' Abundance of Li (1 89 dex) is slightly less 
3mpared to the Li abundance in metal poor dwarfs (2 1 dex), which indicates the 
epletion of L1 in t h ~ s  metal poor halo giant also As in the case of other stars, a- 
ements are enhanced ([Mg/Fe] = 3-0 55, [Ca/Fe] = +O 45 and [Ti/Fe] = +O 20), 
[a is deficient ([Na/Fe] = -0 28), whereas Sc shows overabundance of +O 18 dex 
lr shows deficiency ([CrlFe] = -0 11) The heavy element, Ba is mildly depleted 
Ba/Fe] = -0 14) 
McWilliam et a1 (1995) dlscuss, how trend of six element ratios (Cr, Mn, Co, Al, 
r and Ba) show a sudden change in slope, at a un~que metdlic~ty, near [Fe/H] = 
2 4 The production of light s-element, Sr in the galaxy is not clear whereas, Ba 
of r-process origin The Ba/Eu and La/Eu ratlos reveal that the first significant 
troduction of heavy s-process isotopes occurred at a metallicity [Fe/H] = -2 0 The 
me at which this occurred, presumably set by the lifetime of the low mass (m  1- 
2M,) AGB star s-process nucleosynthesls site, is of the order of lo1* yr (Truran et 
2002) 
igure 6 2 Ba abundances of the stars analyzed are overplotted on the graph shomng 
volution of Ba with respect to [Fe/H] of the stars (Honda et a1 2004) Fllled squares 
lark the Ba abundances of the stars analyzed in this thesis 
Barium, whlch has nearly solar ratio till [Fe/H] = -2 0, starts declining further 
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[Fe/H] = -2 3 and Vt = 1 1 kms-I Abundance of L1 (1 89 dex) IS sllghtly less 
compared to the Li abundance m metal poor dwarfs (2 1 dex), whxch lndlcates the 
deplet~on of LI In thls metal poor halo giant also As m the case of other stars, a- 
elements are enhanced ([Mg/Fe] = +O 55, [Ca/Fe] = +O 45 and [Tl/FeJ = +O 20), 
Na 1s deficient ([Na/Fe] = -0 28), whereas Sc shows overabundance of +O 18 dex 
Cr shows deficiency ([Cr/Fe] = -0 11) The heavy element, Ba 1s mlldly depleted 
([Ba/Fe] = -0 14) 
McWllllam et a1 (1995) dlscuss, how trend of SIX element ratlos (Cr, Mn, Co, Al, 
Sr and Ba) show a sudden change In slope, at  a unlque metalhc~ty, near [Fe/H] = 
-2 4 The production of light s-element, Sr In the galaxy is not clear whereas, Ba 
IS of r-process origin The Ba/Eu and La/Eu ratlos reveal that the first slgn~ficant 
introduction of heavy s-process lsotopes occurred at  a metalllc~ty [Fe/H] = -2 0 The 
tlme a t  whlch thls occurred, presumably set by the llfetlme of the low mass (E 1- 
- 2Mo) AGB star s-process nucleosynthesis a te ,  is of the order of 10'' yr (Truran et 
a1 2002) 
Flgure 6 2. Ba abundances of the stars analyzed are overplotted on the graph showlng 
evolution of Ba wlth respect to [Fe/H] of the stars (Honda et a1 2004) Fllled squares 
mark the Ba abundances of the stars analyzed m thls thesis 
Barium, which has nearly solar ratlo tlll [Fe/H] = -2 0, starts declining further 
With decreasing metallicity (McWilliam et al. 1995). We detected Ba in all the four halo 
stars and its abundance confirms this trend. In BPS CS 29522-0046, which has [Fe/H] = -
2.3 shows the onset of this trend with [Ba/Fe] = -0.14.LSE 202 
(With [Fe/H] = -2.4) shows Ba deficiency of -0.44 dex. But in the case of BPS CS 29522-
0046 which has metallicity less than -27, Ba deficiency is about 1 dex. 
      Abundance studies of many more stars between – 2.0< [Fe/H] < -3.0 are required to 
put a constraint on the distinct phase of nucleosynthesis, that could have occurred before 
the galaxy reached [Fe/H] ~ - 2.4. 
